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1 
lVIy invention relates to control instruments 
and devices, and in particular to improved 
called null-flnding mechanims. 
Frecluently in the precise control of systems 
or mediums under pressure, valves or other com- 
ponent are under different pressures, and it be- 
cornes necessary to transmit forces existing in 
one medium or under one pressure to another 
component or medium under another pressure. 
Although the forces transmitted may be rela- 
tively large, the inherent friction or resistance 
drag on the force-transmitting mechanism (par- 
ticularly at the border between the pressure 
mediums) will in a large measure determine the 
response of the system to small increments of 
force or motion. In a servo or feed-bacl system 
in which the system components are under differ- 
ent pressures, these drags are particularly im- 
portant and may undesirably affect system sensi- 
tivity and stability. 
It is, accordingly, a general object of my in- 
vention to provide an improved instrument of 
the character indicated. 
It is another object of the invention to provide 
an improved mechanism for the substantially 
.frictionless effective transmission of a force or 
motion from one medium which may be under 
a first pressure to a second medium which may 
be under a second pressure. 
Another object is to provide an improved null- 
type measuring instrument of high inherent 
seritivity. 
It is also an object to provide measuring 
instruments having improved mens for cali- 
bration. 
Other object and various further features of 
the invention wfll hereinafter be pointed out or 
wfll occur to those skilled in the art from a read- 
ing of the following specification in conjunction 
with the accompanying drawings. In said 
drawings: 
Fig. 1 is a sectionalized view of a null-tè 
instrument incorporating features of my in- 
vention; 
Fig. 2 is a graph serving to illustrate a func- 
tion of the apparatus of Fig. 1; and 
Fig. 3 i an enlarged fragmentary sectional 
view o an alternative construction for a portion 
of the apparatus of Fig. 1. 
Broadly speaking, my invention contemplates 
the automatic and substantially frictionless 
measurement, control, amplification, and effec- 
tive transmission of forces, particularly through 
a barrier across which there may exit a pressure 
differential. The force to be measured is caused 

2 
to deflect the common securedend of three gen- 
erally cylindrical members which are free to ro- 
tare with respect to each other at their other 
ends. One of these members is torsionally flexi- 
5 ble and is secured against rotation (as by attach- 
ment to a frame or other reference member) at 
said other end. Amplifier means in the form 
of a valve connected to an external source of 
pressure may respond to angular displacement 
10 of a second of thee members at said other end, 
and the output of this valve or amplifier means 
may be applied to a suitably responsive device 
connected to the third member to set up a torque 
tending to overcome that attributable to the force 
15 to be measured. Readings may then be marie of 
the balancing pressures or other amplifled quan- 
tity required in the responsive device, and these 
quantities are indicative of the unknown forces. 
In the specific form to be described, the three 
20 members are substantially coaxial, and the outer 
of these members is secured to the barrier or wall 
separating two mediums which may be under 
different prsures. Also, the flrst or common 
end of the three members is capped or otherwie 
25 sealed off whereby no pressure leakages can occur 
between the members. To simplify problems of 
calibration, adjustable moment means are pro- 
vided between the pressure-responsive device and 
the third member, whereby known torques or 
30 forces may be caused to give desired scale read- 
ings on an indicating meter. 
Referring to the drawings, my invention is 
shown in application to a system in which it 
is desired to operate a control valve in response 
35 to changes in fluid level within a vessel § under 
" pressure or evacuated (with respect to the 
mosphere outside the vessel). A float 6 is par- 
tially immersed in the fluid, and, depending upon 
. the fluid level, various buoyant forces will be set 
0 up in the float 6. These forces are tranlated 
 into torques by means of a crank 7 linked as at 
$ to the float 6 and fixed at the other end to 
my novel torsionally flexible suspension. 
In accordance with a feature of the invention, 
45 the forces or torques to be measured are received 
by a system of three preferably coaxial members 
9, ! 9, and ! !. At one end all three of these mem- 
bers 9, !0 and ! ! are secured together as by a 
circum.ferentially extending yole ! 2 and bushings 
50 I--14. In the form shown, the yole !2 includes 
a stud portion I§ to which the crank 7 is securely 
flxed and which may serve pivotally to carry.the 
torsional SUSl.ension in a ournal or bearing !9. 
The other ends of the torsional suspension 
55 members  .! and. (! re irefrably free to r0- 
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tate with respect to each other. In the form 
shown, the outermost of these members 9 is tor- 
sionally flexible and secured against rotation as 
by a circumferential seal or weld 17 to a frame 
or reference member. Loose and substantially 
frictionless bearing elements or bushings 18 and 
19 may serve coaxially to position the free ends 
of the cylindrical members, as will be clear. The 
torsion members 9--10 preferably have substan- 
tially the same stiffness coefficients, although, as 
pointed out below, these coefficients may differ 
without impairing operation of my device. 
For purposes of maintaining the pressures 
isting within the vessel 5, the crank 7 and the 
torsion suspension 9--10--11 maY be housed in a 
continuous enveloping extension of the vessel 
In the form shown, this extension comprises a 
flrst hollow cylindrical portion 20 embracing the 
crank 7, and a second hol.low generally cylindrical 
portion 21 embracing the torsion suspension. 
Suitable .sealing means such :as gskets (not 
shown) may be employed to seal off juints of the 
various extension members to the essel 5 and 
to each other. The vessel 5 will then be under- 
sood to comprise a leakproof sysoem includ- 
ing a wall 5, the extensions 20 and 21, an annular 
end plate 22 (whi-ch may be fitoed to or a part of 
the extension 21), the outermost tubular mem- 
ber 8, and the cap or yoke 12. Pressures Within 
the flexible members 9 and 0 will be understood 
to reflect prevailing exernal-atmospheric or other 
conditions. 
In the form shown, he free end of the inner- 
most member 11 uf the torsional suspension sup- 
ports he control element 23 of an air-jet pilot 
vlve 2, operating from a preferaby well-regu- 
lated external supply of air entering the valve 
thr0uglç an inlet 25. The passageway structure 
wihin the valve  provides a pair of opposed 
jets 26--27 at the relativelY restricted open end 
of an ourlet chamber 5. By-virtue of the con- 
tour of the control element 23, the angular dis- 
position of control element 23 may determine the 
volume of jet-air which will be b!ed to the at- 
mosphere; this 'action in turn may determine 
pressure existing within the ourlet chamber 23. 
The pressure within the ourlet chamber 23 is 
supplied to a pressure-responsive device 28 which 
Will transform pressures into mechanical dis- 
placements, for subsequent conversion into coun- 
terbalancing torques. These terques may be 
rived by application of these mechanical dis- 
placements to a crank 3{} îïxed to the intermedi- 
are tubular member 10. Tubular member  0 pref- 
erably operates in a sense to oppose deflections 
caused by buoyant forces on the float . 
In the form shown, the pressure-responsive de- 
vice 29 is-a Sylphon-type bellows mounted upon 
-a suitable carriage member 31 in engagement 
with track-or guide .members 32 for djustment 
generally longitudinally of the crank 3{}. Set- 
screws 33 may serve fo anchor the pressure-re- 
sponsive means 29 in a desired calibrated posi- 
tion  with respect to the axis of the torsion sus- 
pension, as will be clear. 
In operation it will be appreciated that an ini- 
tial rise in fluid level within the vessel 5 may 
cause such an increment in the buoyancy of float 
$ as torsionally to deflect all three of the mem- 
bers , I{} and I1 in a lokwise sense (viewed 
right to left in Fig. 1). Since the suspension 
of the vlve-control element 23 on the inner co 
axial member 11 ïs such as to encounter relatively 
insigniflcant torSional-fiction resistance, angu- 
lr deflectlon-,bf the control element--2 (-and- 

4 
hence operating pressure within the outlet cham- 
ber 28) will very definitely and immediately re- 
flect the angular deflection of the yoke 12 and 
hence of the small increase in fluid level. The 
5 new pressure within the ourlet chamber 23 is 
communicated directly to the pressure-respon- 
sive device 29 for substantially immediate appli- 
cation of a corrective torque, as applied via the 
intermediate .and preferably torsionally flexible 
10 member I 
It will be appreciated, then, that the initial 
îïexing of the torsional suspension constituted 
primarily a stressing of the outer torsionally flex- 
ible member 9, and that the corrective or balanc- 
15 ing forces applied through crank 30 effected a 
corresponding stressing of the flexible member 
10 in an opposed sense. An equilibrium resulted 
when the correctively 12exed member 10 supplied 
a torque equal and opposite to that to which the 
20 outer member 9 was subjected. As a marrer of 
practice, this equilibrium position wll very nearly 
correspond (angularly, ut the capped end 12) to 
an at-rest or normal position, the only difference 
being a slight angular cocking of the crank 7 nec- 
25 essary to del2ect control element 23 enough to 
supply a balancing-corrective pressure in the pres- 
sure-responsive bellows 28, as will be clear. 
The above résumé o operation may be more 
clearly understood by referring to the diagram 
3O of Fig. 2 in which the torque 9 and the torque 
I{} are shown to have comparable, although not 
equal, stiffness coefficients--that is, a given 
flection  of one of these tubes may be obtained 
with a given torque r, whereas t-he same torque 
35 applied to the other tube would produce a slightly 
different del2ection '. The fact that these char- 
acteristics are sllghtly dilïerent need not .im- 
pair the operation of my device, for as indicated 
above an equilibrium is either in existence or very 
4o transiently being sought. For equilibrium, the 
torque tubes  and  are balanced and, there- 
fore, operatàon is at the intersection of the two 
characteristics shown (r0»0). -It might be argued 
that in order to maintain a balancing pressure 
45 in the bellows 28, the control element 23 mustbe 
angularly displaced by an amount A from its 
normal or at-rest losition and that, therefore, 
the transmission o balancing torques is opposed 
by a resistive force derived from the difference in 
torques Af existing for this condition. As-a prac- 
50 tical marrer, however, -these displacements A are 
so small as to render insignificant any reSistive 
torques Àr that might be attributed to a lack of 
exact balance between torques in the torque tubes 
 and 10. Furthermore, the tube characteristics 
55 
being linear (in the region under discussion), the 
difference between the characteristics is linear 
and, hence, readily correctible in an initial cali- 
bration. 
60 For extremeflexibility characterized by mini- 
mum frictional drag on relative rotation of the 
free ends of members 
how anti-friction bearing means may be applied 
for radial positioning of these free ends. In this 
65 arrangement, a flrst anti-friction bearing 0 may 
be fltted between torque tubes 9 and t0, and a 
second anti-friction bearing  I may be utilized fo 
support the lilót-control rod I I within torque 
tube 
70 It will be appreciated th-at I have disclosed a 
 relatively simple means for the relatively fric- 
tionless transmission of forces through a bound- 
ary between one medium and another. The ar- 
rangement is in a sense the equivalent bf stuffing: 
7 boxes, without the drags necessarily associated 
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with the latter. Although the invention has been 
descrtbed in application io a floai-valve liquid- 
level meter or controller, it is clearly also ap- 
plicable to any arrangement in which a îorce or 
torque or in which a quantity convertible into a 
force or torque is tobe transmttted, measured, or 
utilized fo effect a controlling operation. 
While I have described my invention in detail 
ïor the preferred forms shown, itis tobe under- 
stood that various changes and modifications 
may be ruade within the scope of the invention 
as deflned in the claims which follow. 
I claire: 
1. In a force-compensating device, a ïrame 
member, three generally coaxial members se- 
cured to each other near one end of said coaxial 
members, means securing the other end oï one 
of said coaxial members fo said frame member, 
bearing means supporting the other two of said 
coaxial members for substantially free angu!ar 
displacement with respect to said one coaxial 
member and with respect fo each other at said 
other end, means for angularly deflecting said 
one end of said coaxial members with respect to 
said ïrame member, valve means responsive fo 
angular displacement of one of said two other 
coaxial members, and pressure-responsive means 
responsive to control by said valve means and in 
torque transmitting actuating relation with the 
second of said two other coaxial members. 
2. A device according to claire i, in which a 
pressm'e-responsive indicating meter is in fiuid 
communication with sald valve means. 
3. In a devlce for transmitting an indication 
of the magnitude of a force, three generally 
axial members secured to each other atone end 
and rotationally free of each other at the otheï 
end, two of said members being tubular and 
torsionally flexible, means securing one of said 
two members against rotation at said other end, 
pressure-responsive means connected fo the 
other of said two members ai said other end, 
said connection being such as to apply torque to 
said other member in a sel]se opposed to torque 
applied fo said one member, and valve means 
responsive to angular displacement of the third 
of said members and in fluid communication with 
satd pressure-responsive means. 
4. A device according to claire 3, in which ad- 
justable means are provided between said pres- 
sure-responsive means and the other oï said two 
members, whereby the response characteristic of 
said pressure-responsive means in cooperatton 
with said other member may be adjustably 
varted. 
5. In a device for transmitting an indication of 
the magnitude of a force, two torsionally flexible 
members secured fo each other atone end and 
free to rotate with respect to each other at the 
other end, means securing one of sald flexible 
members against rotation af said other end, valve 

means connected fo said one end and responsive 
to an angular displacement of said one end, and 
pressure-responsive means connected fo the out- 
let of said valve means and in torque-transmit- 
5 ring relation with a poin ai said other end of 
the other of said flexible members. 
6. in a means ïor transmitting movement, 
three generally coaxial members secured together 
ata first point, means ïor securing one of said 
10 members against rotation at a second point 
axially spaced from said first point, whereby 
angular movement transmitted to said members 
at said first point wfll be transmitted through a 
second of said members, means ata second point 
15 on the third of said members for applying a 
torque in opposition to said movement whereby 
upon a balancing of the torque in said first mem- 
ber against the torque in said third member said 
second member may be subjected fo negligible 
20 net angular movement more or less regardless of 
the torque applied at said flrst point. 
7. A device according to claire 5, in which said 
connectiin ri said other flexible member includes 
adjustable moment means for adjusting the 
25 magnitude of torque applied to said other flexible 
member for a given pressure supplied to said 
pressure-responsive means. 
8. In a null-type instrument of the character 
indicated, three members including two torsion- 
30 ally flexible members secured against relative 
rotation at a first point along the length of said 
members, one of said flexible members including 
a second point spaced from said flrst point, af 
which second point said one flexible member is 
35 secured against rotation, torque-amplifier means 
responsive to angular deflections of the third of 
said members, means responsive to said torque- 
amplifier means and connected to a second point 
on the other of said flexible members to apply 
40 torques in a sense opposing said deflections, 
means for supplying to said amplifier means 
angular defiections of said third member, 
whereby said amplifier means may be utflized to 
effect a controlling function in response to a 
45 torque applied to said members at said first 
points. 
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